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Abstract 

Background: Psoroptes cuniculi can parasitise tine ear canal of tlie rabbit, and cause tine afflicted aninnals to cease 
feeding and beconne severely debilitated, sometimes resulting in death. In this study, we examined the oxidative 
status and inflammatory level of the peripheral blood of rabbits infested with Psoroptes cuniculi and investigated 
the pathogenesis of this disease. 

Methods: A total of 24 rabbits were divided into a healthy rabbit group and two infested rabbit groups. After 
weighing the rabbits, approximately 5 ml of blood was obtained from each animal. Then, the blood serum was 
extracted and used to assess the levels of antioxidant enzymes and inflammatory factors. 

Results: Compared to the healthy rabbits, the activities of catalase and glutathione-S-transferase and the level of 
malonyldialdehyde were increased, but the activity of superoxide dismutase was reduced in the infested rabbits. 
At the same time, a variety of inflammatory cells were activated, and the levels of inflammatory factors such as 
prostaglandin E2, interleukin-6, interleukin-8 and transforming growth factor-|3l were increased in peripheral blood. 

Conclusion: Animal acariasis was associated with immunosuppressive disorders and inflammatory reaction. These 
results advance our understanding of the pathogenesis of Psoroptes cuniculi infestation in rabbits and can help 
guide the effectual treatment of this disease in clinics. 
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Background 

Animal acariasis is a veterinary skin disease that can re- 
duce the productivity and the quaUty of animal products 
[1]. As a pathogen, Psoroptes parasitizes the body surface 
or the epidermis of sheep, horse, rabbit, goat, cattle and 
buffalo, etc., causing the afflicted animals to cease feed- 
ing and become severely debilitated. In rabbits, Psoroptes 
cuniculi can damage the pineal layer of the rabbit ear. 
Infestation can occur by direct contact with infested rab- 
bits or by contact with infected bedding, especially for 
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young rabbits and peaked rabbits (Figure 1). If the infest- 
ation is not treated, it may cause serious economic loss 
due to decreased food consumption and the develop- 
ment of meningitis or the death of the animal [2]. It is 
therefore necessary to study the pathogenesis of this dis- 
ease for developing the new drug or the therapeutic 
method. 

Now, more and more scientific reports have focused 
attention on sarcoptic mange in animals, it is thought 
that the disease is associated with immunosuppressive 
disorders [3]. In addition, the immune status of the ani- 
mal, the nutritional status and oxidative stress may play 
very important roles in the pathogenesis of this disease 
[4-7]. However, up to now, except for a study by Singh 
et al that proposed that a significant alteration of the oxi- 
dant/antioxidant balance is a factor in the pathogenesis of 
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Figure 1 The picture of Psoroptes cuniculi under microscope 
(16^10). 



P. cuniculi infestation of rabbits and that recovery could 
be enhanced by combining ivermectin treatment with vita- 
min A, D3, E, and H supplementation [8], no other studies 
have examined the oxidative status or levels of inflamma- 
tory factors in the peripheral blood of rabbits infested with 
P, cuniculi to our knowledge. 

As we know, once animals are infested with Psoroptes 
cuniculi, they would and would induce an immune reac- 
tion by mites. Then, the oxidant/antioxidant balance in 
animals would be disturbed and some oxidative sub- 
stances would be constantly generated in vivo, such as 
reactive oxygen species (ROS) [8,9]. When these sub- 
stances generated overloaded the antioxidant defense, 
the free radicals could interact with endogenous macro- 
molecules and alter the cellular functions, and induce 
some serious adverse effects on the skin, including edema, 
erythema, wrinkling, inflammation, autoimmune reaction, 
etc. [10,11]. At the same time, animals would develop the 
anti-oxidative mechanisms to minimize oxidative dam- 
age, some enzymes and anti-oxidant factors would be 
activated or released, such as glutathione peroxidase 
(GSH-Px), glutathione-S -transferase (GST), superoxide 
dismutase (SOD) [12]. However, how the oxidative sta- 
tus and inflammation levels change, and which anti- 
oxidant and inflammatory factors are activated or re- 
leased are still unclear. 

In this paper, we studied the oxidative status and in- 
flammation levels of rabbits with psoroptic mange by de- 
termining the activities of the antioxidant enzymes and 
the levels of inflammatory factors in the peripheral 
blood. Our goal was to develop a better understanding 
of the pathogenesis of this disease. 



Methods 

Experimental animals and groups 

Rabbits (80-100 days of age) were obtained from the 
Experimental Animal Center, Lanzhou Institute of Bio- 
logicals (Lanzhou, China). The experiments complied 
with the rulings of the Gansu Experimental Animal 
Center (Gansu, China) and were officially approved by 
the Ministry of Health, P.R. China in accordance with 
NIH guidelines. 

In this study, all of the diseased rabbits were divided 
into two groups (scores of 3 and 6). Each group con- 
sisted of 8 rabbits, and 8 healthy rabbits were used as 
the healthy control group. They were kept in cages 
where they had free access to food and water, and they 
were maintained on a 12 h light/dark cycle. 

Selected rabbits 

The inclusion criteria for the animals selected for this 
study have been previously described by Fichi et al and 
Shang et al [13,14]. Briefly, before enrolment in the 
study, all of the rabbits were examined by clinical and 
dermatological methods with an otoscope and a micro- 
scope. The rabbits were naturally infested with Psoroptes 
cuniculi and suffered from the clinical disease for at least 
10 days before presentation. None of the rabbits had 
been treated with ectoparasiticides or steroidal anti- 
inflammatory drugs in the 30 days before the blood sam- 
ples were drawn. The degree of infestation was evaluated 
according to a previously described scoring system: 0 
indicated an absence of scabs and or mites; 0.5 was irri- 
tation in the ear canal but no mites observed; 1 was a 
small number of scabs in the ear canal, mites present; 2 
was external ear canal filled with scabs, mites present; 3 
was scabs in ear canal and proximal 1/4 of the pinna, 
mites present; 4 was pinna half- filled with scabs, mites 
present; 5 was 3/4 of the pinna filled with scabs, mites 
present; 6 was the entire internal surface of the pinna 
covered with scabs, mites present [9]. In this study, sam- 
ples were collected from diseased animals with scores of 
3 and 6 and from healthy animals with scores of 0 that 
were free of other diseases, as determined by laboratory 
and clinical examination. After the samples were col- 
lected, the rabbits were treated immediately. 

Weight and blood samples 

After careful laboratory and clinical examination, all of 
the rabbits were weighed. Then, 3% pentobarbital so- 
dium (30 mg/kg) was used for the sedation of rabbits 
and approximately 5 ml of blood was obtained from the 
auricular vein of each animal using a sterile needle into 
tubes. After standing for 30 min, the serum was ex- 
tracted from the blood samples and stored at -20°C for 
up to 5 days. It was used to assay the oxidative stress 
and inflammatory factors promptly. 
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Assay for oxidative stress 

After collecting the blood serum, 100 [A aliquots were 
used to determine the activities of superoxide dismutase 
(SOD), catalase (CAT), glutathione-S -transferase (GST) 
and malonyldialdehyde (MDA) with a Nanjing Jiancheng 
assay kit (Nanjing Jiancheng Bioengineering Institute, 
Jiangsu, China). Detailed, SOD activity in blood serum 
was measured by using nitro blue tetrazolium as a sub- 
strate after suitable dilution with SOD assay kit (Lot. 
20130424), the increase in absorbance was scanned 
with an ultraviolet spectrophotometer (Evolution 300 
UV-VIS, Thermo Scientific, U.S.A.) at 550 nm. One 
unit of SOD activity was defined as the amount of en- 
zyme that inhibited autooxidation by 50% under the 
given experimental condition and the values were 
expressed as U/ml. CAT activity in blood serum was es- 
timated by using H2O2 as a substrate with CAT assay 
kit (Lot. 20130506), and the absorbance was scanned at 
405 nm by ultraviolet spectrophotometer. GST activity 
was determined by assaying the concentration of GSH 
with GST assay kit (Lot. 20130528), and the absorbance 
was scanned at 412 nm by ultraviolet spectrophotom- 
eter. The concentration of MDA, a reliable marker of 
lipid peroxidation, was estimated in blood serum fol- 
lowing the manual of Nanjing Jiancheng MDA assay kit 
(Lot. 20130407). Optical density was measured using 
an ultraviolet spectrophotometer at 532 nm against 
blanks prepared by using distilled water. The activities 
of SOD, CAT and GST and the level of MDA were cal- 
culated from the resulting absorbance values. 

Assay for inflammatory factors 

After collecting the blood serum, 10 [A aliquots were 
used to determine the levels of prostaglandin E2 (PGE2), 
interleukin-6 (IL-6), interleukin-8 (IL-8) and transform- 
ing growth factor-|3l(TGF-pl) with rabbit ELISA PGE2 
assay kit, rabbit ELISA IL-6 assay kits, rabbit ELISA IL-8 
assay kits and rabbit ELISA TGF-|3l assay kits according 
to the manufacturers instructions (R&D System, U.S.A.), 
respectively. Briefly: firstly 10 [i\ sample serum with 
40 [A sample diluents were added to 96-well plates 
(50 [i\ standard solutions). Following incubation for 
30 min at 37°C, the solutions were removed and the 
plate was washed 5 times with wash solution. 50 [i\ 
HRP-conjugate reagents were then added to each well, 
and after incubating for 30 min for 37°C and washing 5 
times again 50 [i\ chromogen solutions A and B were 
added and incubated for 10 min at 37°C in the dark. Fi- 
nally, 50 [A of stop solution was added to each well, and 
the optical density was measured at 450 nm within 
15 min using a microplate reader Multiskan MK3 
(Thermo Scientific, U.S.A.), and the levels of PGE2, IL- 
6, IL-8 and TGF-|3l were calculated from the resulting 
absorbance values. 



Statistical analyses 

The data obtained were analyzed using SPSS software 
version 13.0 and expressed as the mean ± SD. The data 
were analyzed by a one-way ANOVA followed by Stu- 
dents two-tailed ^-test for the comparison between test 
and control, and Dunnett s test was used when the data 
involved three or more groups. P-values of less than 0.05 
{P< 0.05) were considered significant. 

Results 

Weight of the rabbits 

We weighed all of the rabbits included in this study, 
which were selected for 80-100 days of age. The re- 
sults showed that the healthy rabbits had an average 
weight of 2.15 ± 0.410 kg, and the weights of the rab- 
bits infested with P. cuniculi with cUnical scores of 6 
and 3 were significantly decreased to 1.35 ± 0.404 kg 
{P<0.01) and 1.64 ±0.302 kg {P < 0.05), respectively. 
This reduction in weight may be related to the oxida- 
tive stress and inflammation induced by the mites and 
if the degree of disease was more serious, the weight of 
rabbits was lighter. 

Assay for oxidative stress 

We determined the activities of three antioxidant en- 
zymes. The results demonstrated that as an important 
metalloenzyme, the activity of SOD in the infested rab- 
bits with clinical scores of 3 (1.868 ± 0.073 U/ml) and 6 
(1.831 ± 0.087 U/ml) was weakly inhibited but not sig- 
nificantly different from that observed in the healthy 
rabbits (1.918 ± 0.061 U/ml). However, the GST activity 
was significantly elevated in the infested rabbits with 
scores of 3 (79.938 ± 3.256 U/ml) and 6 (125.138 ± 4.094 
U/ml) compared to the healthy controls (67.783 ± 3.694 
U/ml) {P<0.01). Meanwhile, the CAT activity in the 
infested rabbits with scores of 6 (26.258 ±1.175 U/ml) was 
increased compared to the healthy controls (21.335 ± 
1.135 U/ml) {P< 0.01). This was most likely due to the in- 
creased biosynthesis of the enzyme in response to H2O2 
and other free radicals associated with P. cuniculi infesta- 
tions. The MDA levels were assessed to evaluate the de- 
gree of lipid peroxidation in the body and to determine 
the potential role of lipid peroxidation in the pathogenesis 
of the infested rabbits. The result showed that the level of 
MDA in the infested rabbit with scores of 3 (4.675 ± 
0.244 nm/ml) and 6 (5.195 ±0.396 nm/ml) was markedly 
increased compared to the healthy rabbits (2.835 ± 
0.180 nm/ml) {P < 0.01) (Table 1). 

Assay for inflammatory factors 

Finally, we determined the level of four inflammatory 
factors in the peripheral blood of rabbits. The results 
demonstrated that compared to the healthy rabbits 
(0.0880 ± 0.0072 mg/L, 0.0198 ± 0.0068 mg/L), the levels 
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Table 1 The activities of antioxidant enzymes (superoxide dismutase, catalase and glutathione-S-transferase) and the 
levels of malonyldialdehyde in the peripheral blood of infested rabbits and healthy rabbits 



Oxidative factor 


Group A 
(Healthy rabbits) 


Group B 

(Infested rabbits with 3 score) 


Group C 

(Infested rabbits with 6 score) 


SOD (U/ml) 


1.918 ±0.061 


1 .868 ± 0.073 


1.831 ±0.087 


CAT (U/ml) 


21.335 ±1.135 


21.284±1.115 


26.258 ± 1.175** 


GST (U/ml) 


67.783 ± 3.694 


79.938 ± 3.256** 


125.1 38 ±4.094** 


MDA (nmol/ml) 


2.835 ±0.180 


4.675 ± 0.244** 


5.1 95 ±0.396** 



**P<0.01 compared with control. 



of the inflammatory factors IL-6 and TGF-|3l were mark- 
edly increased in the peripheral blood of the infested 
rabbits with scores of 3 (0.1564 ± 0.0074 mg/L, 0.0450 ± 
0.0061 mg/L) and 6 (0.2274 ± 0.0118 mg/L, 0.1048 ± 
0.0341 mg/L) {P< 0.01), The levels of PGE2 and IL-8 were 
only significantly elevated in the infested rabbits with a 
score of 6 (0.4612 ± 0.0128 mg/L, 0.0554 ± 0.0069 mg/L) 
compared to the healthy controls (0.2670 ± 0.0131 mg/L 
and 0.0330 ± 0.0083 mg/L) {P < 0.01) (Table 2). 

Discussion 

As a chronic skin disease, animal acariasis is induced by 
mites of Sarcoptidae and Psoroptidae when they were 
parasites in the surface or epidermis of animals. It can 
lead to acute pruritus and dermatitis of hosts [15]. Al- 
though rabbit ear mange begins as a topical disease, it 
can induce an inflammatory response and break the oxi- 
dant/antioxidant balance of animals as the illness pro- 
gresses, even leading to systemic disease. 

It is known that inflammatory cells are activated as a 
result of inflammation in animals with mange, and re- 
cruit neutrophils and macrophages with reactive oxi- 
dants, such as hydrogen peroxide (H2O2), hypochlorite, 
and oxygen radicals. These reactive oxygen substances 
produced by cells of the immune system show potent 
cytotoxic effects on parasites and other pathogenic or- 
ganisms [16]. Meanwhile, animals would develop the 
anti-oxidative systems to minimize oxidative damage by 
activating some enzymes and releasing anti-oxidant fac- 
tors. In our study, when rabbits were infested with mites. 



the oxidative and anti-oxidative mechanisms were acti- 
vated. The activities of CAT and GST in the peripheral 
blood were increased, and the activity of SOD was 
reduced compared to the healthy rabbits. Generally, 
changes in the activities of these antioxidant enzymes 
could break the oxidant/antioxidant balance in infested 
rabbits and exhaust the antioxidant system. Thus, this 
balance would shift towards oxidative stress. At the 
same time, as an indicator of oxidative stress in cells 
and tissue, the levels of MDA in the infested rabbits 
was markedly increased, and this is associated with the 
deterioration of cells, the development of skin lesions 
and the clinical manifestation of mange [17]. These 
results demonstrated that infestation stimulates oxi- 
dative stress, changes the antioxidant system and in- 
creases the level of lipid peroxidation throughout the 
body [16]. 

When the oxidant/antioxidant balance of animals is 
disrupted, overproductions of free radicals by the inflam- 
matory cells are recruited to combat the parasites and 
consequent exhaustion of the antioxidant system of the 
infested rabbits. Meanwhile, a variety of inflammatory 
cells are activated, and this induces or activates various 
oxidant-generating enzymes to kill intra-cellular and 
extra-cellular parasites [18]. Subsequently, the inflamma- 
tory responses of the body are activated. In this process, 
components of the pro-inflammatory response to path- 
ogens have been identified within circulating blood 
cells in hosts and these have been classified as the sys- 
temic inflammatory response', and some circulating 



Table 2 The levels of inflammatory factors (prostaglandin E2, interleukin-6, interleukin-8 and transforming growth 


factor-pi) in the peripheral blood of infested rabbits and healthy rabbits 




Inflammatory factor 


Group A 


Group B 


Group C 




(Healthy rabbits) 


(Infested rabbits with 3 score) 


(Infested rabbits with 6 score) 


PGE2 (mg/L) 


0.2670 ±0.01 31 


0.3000 ±0.01 20 


0.461 2 ±0.01 28** 


IL-6 (mg/L) 


0.0880 ± 0.0072 


0.1 564 ±0.0074** 


0.2274 ±0.01 18** 


IL-8 (mg/L) 


0.0330 ± 0.0083 


0.0438 ± 0.0056 


0.0554 ±0.0069** 


TGF-pi(mg/L) 


0.01 98 ±0.0068 


0.0450 ±0.0061** 


0.1 048 ±0.0341** 



**P < 0.01 compared with control. 
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leukocyte populations would present in the blood 
[19,20]. Meanwhile, the activity of circulating leukocytes 
contributes to the levels of cytokines and other pro- 
inflammatory markers, both systemically and at local 
sites of inflammation. As an important cell growth and 
regulatory factor, PGE2 plays a role in immunosuppres- 
sion and anti-inflammatory effects. In our study, the 
levels of PGE2 of the infested rabbits were increased 
compared to the healthy rabbits. Meanwhile, as the im- 
portant cytokines we observed that the levels of IL-6, 
IL-8 and TGF-|3l were increased compared to those in 
the healthy rabbits. These cytokines are released in re- 
sponse to the deterioration of cells and the development 
of skin lesions, together with the host-parasite inter- 
action and immune-compromisation. Subsequently, the 
release of inflammatory factors or cytokines further ac- 
tivates the immune response, and excacerbates the dis- 
ease. At the same time, the weight of the infested 
rabbits decreases as the animals became anorexic. If the 
infestation is not treated, it may cause serious loss, even 
death. 

Now, more and more people are aware that animal ac- 
ariasis induced by mites is not just the topical disease; 
but can also lead to some systemic disease, especially the 
oxidative response. In 2008 and 2012, Singh et al and 
Kanbur et al reported that after administrating vitamins 
as an adjunctive remedial to rabbits, the anti-oxidant ac- 
tivity and the recovery of the disease would be enhanced 
[8,17]. Then, Burgess et al, [21] thought that Psoroptes 
ovis would result in the host (sheep) systemic inflamma- 
tory response. In our study, the results indicated that 
psoroptic mange was associated with immunosuppres- 
sive disorders and inflammatory reaction, and the oxi- 
dant/antioxidant balance and the inflammatory factors 
of the rabbits infested with P, cuniculi were disrupted and 
released in the development of this disease, respectively. 
Based on the results, the administration of antioxidants, 
anti-inflammatory drugs or vitamins in conjunction with 
acaricides may improve the outcome of the disease. Simi- 
larly, treatment that is initiated at the early stage of the 
disease results in a better outcome. 

Conclusion 

In summary, the rabbits infested with P, cuniculi lost a 
dramatic amount of weight, demonstrated oxidative stress 
and released inflammatory factors into the peripheral 
blood. This caused extensive cellular damage through- 
out the body and resulted in compromised immune and 
inflammatory reactions. These processes may contribute 
to the pathogenesis of psoroptic mange. 
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